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[57] ABSTRACT 
This invention relates to a method of producing a metal 
contained composite material from a metal and a sinter 
able material such as a ceramic material, and to a metal 
contained composite material produced by the method. 
Conventional composite materials consisting of metal 
and ceramic material do not have sufficient mechanical 
and electrical properties, under some conditions in use, 
and are too expensive to be applied extensively. To 
solve this problem, the invention provides a manufac 
turing method comprising a process of fabricating a roll 
of a laminate consisting of a metal strip and a sinterable 
material, by winding up the laminate, and a process of 
subjecting the roll to plastic working; a manufacturing 
method including a heat treatment process carried out 
at a predetermined temperature, in addition to the 
above processes; and metal-contained composite mate 
rials produced by these methods. The metal-contained 
composite materials produced by the methods of the 
invention can be suitably used for machine parts, elec 
trical sliding contact materials, electrical and thermal 
conductors, electromagnetic shielding materials, and 
the like. 

29 Claims, 5 Drawing Sheets 
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METHOD OF MANUFACTURING A 
METAL-CONTAINED COMPOSITE MATERIAL 
AND A METAL-CONTAINED COMPOSITE 

MATERIAL PRODUCED THEREBY 

DESCRIPTION 

1. Technical Field 
This invention relates to a method of manufacturing a 

metal-contained composite material to be used for a 
machine part, electrical sliding contact member, elec 
tric and thermal conductor, electromagnetic shielding 
member and the like, and a metal-contained composite 
material produced thereby. 

2. Background Art 
Conventionally, composite materials consisting of 

metals or of a metal and a ceramic material have been 
widely used. These composite materials have been de 
veloped in an attempt to combine the properties of their 
components and to acquire properties that cannot be 
provided by the individual components. 
For example, it is known that composite materials, 

which may be obtained from material powders of 
W-WC, Ag-C, Ag-CdO, Cu-Al2O3, Ni-NiO, Al-Al2O3, 
etc., have the properties of both metal and ceramic 
material. These composite materials are wear-resistant, 
heat-resistant, high in strength, and electrically and 
thermally conductive, and thus are used for contacts, 
working tools, mechanical structural members, and the 
like. 

Metal/ceramic composite materials are also known in 
which a metal is coated with a ceramic material or a 
ceramic material is metallized. This type of composite 
materials is used for parts of electronic devices, such as 
a circuit board, or for machine parts such as a turbine 
blade. 

There are still other composite materials such as a 
CFRM (ceramic ?ber reinforced metal) in which ?la 
ments or whiskers of carbon, SiC, A1203, or K 3Ti03 are 
embedded in a metal, and a MFRC (metal ?ber rein 
forced ceramics) in which metal ?laments are embed 
ded in a ceramic material. In these composite materials, 
the strength and tenacity of the metal or ceramic mate 
rial are improved. 
The above-mentioned various composite materials, 

however, have such a problem in that the composite 
materials made from powder material and the metal/ 
ceramic composite materials do not have satisfactory 
electrical and mechanical properties, though they are 
inexpensive, while the CFRM and MFRC are costly 
and are limited in use. 
An object of this invention is to provide a method of 

manufacturing a metal-contained composite material in 
which the properties of metal and various sinterable 
materials compounded therewith are fully retained and 
excellent properties that cannot be acquired by the 
individual components are obtained. Another object of 
this invention is to provide a metal-contained composite 
material having such excellent properties as mentioned 
before. 

DISCLOSURE OF THE INVENTION 

To achieve the above objects, according to this in 
vention, there is provided a method of manufacturing a 
metal-contained composite material, characterized by 
comprising: a process of fabricating a roll of a laminate, 
prepared by a lamination of at least one sinterable mate 
rial on one surface of a metal strip, by winding up the 
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2 
laminate on itself or around a core; and a process of 
subjecting the roll to plastic working. The method of 
manufacturing a metal-contained composite material 
according to this invention will be described hereinafter 
according to the manufacturing processes. 

First, the process of making a roll will be described 
with reference to the relevant drawings. In this process, 
a spirally wound roll is obtained by winding up a metal 
strip, having a sinterable material layer formed on one 
surface thereof, on itself or around a core. The core 
material used in this process may be either the same 
metal as the metal strip or some other metal different 
therefrom. 
When carrying out this process, the metal strip may 

be wound up while at the same time forming a sinterable 
material layer on one surface of the metal strip, or a 
sinterable material layer may be previously formed on 
one surface of the metal strip before the metal strip is 
wound up. Of these methods, the former in which the 
metal strip is wound up while laminating the sinterable 
material thereon is preferred, because the productivity 
is higher and the manufacturing cost is lower. 
FIG. 1 is a diagram illustrating the process of making 

a roll by winding up a metal strip while a sinterable 
material layer is forming on one surface thereof. In 
FIG. 1, reference numeral 1 denotes an uncoiler, around 
which a metal strip 2 is wound. The metal strip 2 wound 
around the uncoiler 1 is continuously led to a certain 
direction (indicated by arrow in the ?gure), the leading 
direction is swerved in the middle by a turn roll 3, and 
then the strip is continuously reeled up by a coiler 4. 
When the metal strip 2 is wound around the coiler 4, a 
sinterable material 6 is sprayed from a spray gun 5, 
arranged in the vicinity of the coiler 4, onto the surface 
of the metal strip 2. These sequence of operations ena 
bles forming a cylindrical laminate roll 7 comprising the 
metal strip 2 and the sinterable material 6. In this pro 
cess, coating with sinterable material 6 should prefera 
bly be avoided from the outer end of the rolled metal 
strip 2. 
FIG. 2 shows a modification of the roll preparation 

process shown in FIG. 1. The process of FIG. 2 differs 
from that shown in FIG. 1, only in the means of laminat~ 
ing the sinterable material 6 on one surface of the metal 
strip 2. In FIG. 2, elements with like reference numerals 
have the same functions as those appearing in FIG. 1. 
As shown in FIG. 2, a sinterable material 6, in a slurry 
state, is applied to a surface of the metal strip 2 by a 
spreading roll 8, and then dried by a gas burner 9, and 
the strip 2 is wound around the coiler 4, therefrom 
results a cylindrical roll 7. 
To laminate the sinterable material 6 on a surface of 

the metal strip 2 in the roll preparation process, various 
methods can be used, such as PVD methods inclusive of 
a plasma spraying, thermal spraying, sputtering, vac 
uum deposition, and ion plating, CVD methods inclu 
sive of a laser beam sputtering, thermal CVD, 
MOCVD, and plasma CVD, a spray pyrolysis method, 
a printing method, a dip coating method, a slurry appli 
cation method, and an electrophoretic deposition 
method. 

In the roll fabrication process, the sinterable material 
6 is preferably laminated to even out a thickness over 
the entire surface of metal strip 2. To be brief, in FIG. 
1, a plurality of spray guns may be employed, or a single 
spray gun may be moved while spraying. 
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The roll fabrication process is preferably carried out 
in a sealed vessel (indicated by 11 in the ?gures), so that 
the atmosphere can be conditioned in suit with the type 
of the sinterable material used. For example, when 
using a plasma spraying method, a low-pressure plasma 
process is operated under reduced atmospheric pressure 
at 10 to 500 Torr. This process serves to prevent a met 
al-contained composite material in production from 
oxidation, to make the sinterable material layer homo 
geneous, and to improve the adhesion between the 
metal strip and the sinterable material layer. Alterna 
tively, a high-pressure plasma may be employed which 
is easily performable in the atmosphere. 

In this invention, a possible combination and ratio of 
contents in the metal strip and the sinterable material, 
may be arbitrary to suit for the application of the metal 
contained composite material and the type of the sinter 
able material, as necessary. 
The purpose of the metal strip is to embody such 

properties of the metal-contained composite material, as 
electrical conductivity, thermal conductivity, ductility, 
tenacity, weldability, platability, and solderability. In 
line with this, the material for the embodiment can 
preferably be of Cu, Al, Ag, Au, Fe, Ni, Co, W, Mo, 
Nb, Ta, Ti or Zr, or an alloy of some elements out of 
foresaid metals or an alloy out of Ag-Pd, Cu~Zn, Cu-Sn, 
Cu-Ni, SUS, Fe-Ni, Fe-Ni-Co, Mo-Cr-Fe, etc. 
For the sinterable material, at least one substance may 

be selected from the group consisting of ceramic materi 
als, electroconductive polymers, metals, and a mixture 
of ceramic materials and metals. The sinterable material 
is preferably in the form of powder, for the convenience 
of manufacture. 

Favorable ceramic materials include A1203, SiC, 
ZrOZ, MgO, BaTiO3, Fe2O3, M052, WC, TiC, TiBg, 
TiN, AlN, glass (soda-lime glass and lead glass), MoSi, 
ZnN, ZrC, ZrBg, PbTiO3, NaTaOg, KNSO3, NaNbOg, 
KgObTiOz, 9Al203.2B203, KTaO3, and (E103) 
Mem_ iRmO3m+1 (Me is an element with a valence of l 
to 3; R is an element with a valence of 4~5). 

Preferably, polyaniline, polyacetylene, or polypyr 
role is used for the electroconductive polymer. 
The same metal as used for the metal strip is prefera 

bly used for the sinterable material. 
The mixture of ceramic materials and metals is prefer 

ably a mixture of one or more substances selected from 
the aforementioned ceramic materials and one or more 
substances selected from the aforementioned metals. In 
this case, the metal also serves as a binder, and the mix 
ing ratio of the ceramic materials and the metals may be 
arbitrary in suit with the application of the metal-con 
tained composite material. 
When using a metal or a mixture of metal and ceramic 

material as the sinterable material, either a similar metal 
to the metal strip or a different metal may be used. 

After the roll fabrication process described above, a 
plastic working process is carried out. This plastic 
working process may be performed immediately after 
the completion of the preceding process if the sinterable 
material layer is not formed on the outer end of the 
rolled metal strip, but if the sinterable material layer is 
formed on the outer end of the rolled metal strip, the 
metal strip is wrapped around the roll or the roll is ?tted 
into a metal tube made of the same metal as used for the 
metal strip or of a different metal, before the plastic 
working process is carried out. 
The plastic working process may be operated by a 

rolling or drawing, and the working temperature may 
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4 
be hot, warm, or cold, depending on the type of the 
material used. In addition to the above plastic working 
methods, pressure working methods such as a CI? (cold 
isostatic pressing), HIP (hot isostatic pressing), hot 
pressing, or cold pressing may be applied. A process 
annealing may preferably be carried out in the middle of 
the plastic working, to eliminate working strain and 
thus improve the product quality. 
Due to the plastic working, a wirelike metal-con 

tained composite material 23 composed of a metal layer 
(metal strip) 21 and a sinterable material layer 22, both 
extending longitudinally, is obtained (see FIGS. 3 and 
4). When a core is used, a metal-contained composite 
material composed of a central metal (core) 24, a longi 
tudinally extending metal layer (metal strip) 21, and a 
sinterable material layer 22, as shown in FIGS. 5 and 6, 
is obtained. 
According to this invention, a compression process 

may further be effected after the plastic working pro 
cess. 

In this compression process, as shown in FIG. 3 
through FIG. 6, the metal-contained composite material 
undergoes compression by pressing or rolling. Due to 
this compression process and by suitably cutting the 
compressed sheet as required, platelike metal-contained 
composite members can be obtained (see FIGS. 7 and 
8). 
According to the method of this invention, two spray 

guns, one for the sinterable material and the other for 
the metal, may be provided in the apparatus for produc 
ing a roll, shown in FIG. 1, such that two or more 
sinterable powders, e.g., ceramic powder and metal 
powder, are alternately sprayed on one surface of the 
metal strip while the metal strip is wound up. By sub 
jecting the thus-obtained roll to plastic working, a wire 
like metal-contained composite material 33, which is 
composed of a longitudinally extending metal layer 
(metal strip) 31a, and ceramic layers 32 and metal layers 
(i.e., sprayed metal, enclosed by solid lines in FIG. 9 
without shading) 31b longitudinally extending and lo 
cated alternately in the circumferential direction, can be 
obtained (see FIG. 9). 
The metal-contained composite material shown in 

FIG. 9 may be subjected to compression to obtain a 
metal-contained composite plate (see FIG. 10). 
The metal-contained composite material produced by 

the method of this invention has at least a portion of the 
outer surface thereof made of a metal layer, and has 
interior or innards thereof composed of the metal layer 
and a sinterable material layer, which extend longitudi 
nally and alternate with each other. 

Since a portion of the outer surface of the metal-con 
tained composite material produced by the method of 
this invention is constituted by a metal layer, the com 
posite material more excels in weldability, solderability 
and platability than MFRCs and the like. 

Further, the method of this invention permits an easy 
selection of the structure and compounding ratio of the 
metal and the sinterable material, and accordingly, a 
composite material having properties suited to speci?c 
use can be easily produced. 

Furthermore, the metal-contained composite material 
produced by the method of this invention has a sintera 
ble material layer extending in the longitudinal direc 
tion, and thus has excellent electrical properties. 
To achieve aforesaid objects, this invention further 

provides a method of manufacturing a metal-contained 
composite material, characterized by comprising: a 
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process of obtaining a roll of a laminate, prepared by a 
lamination of a sinterable material on one surface of a 
metal strip, by winding up the laminate on itself or 
around a core; a process of drawing the resultant roll; 
and a process of heating the drawn roll at a temperature 
higher than a sintering temperature of the sinterable 
material and lower than a melting point of the metal 
constituting the metal strip. 

In this method of the invention, a heating process is 
operated, in addition to the roll preparation process and 
plastic working process mentioned above. 
The heating process is carried out at a temperature 

higher than the sintering temperature of the sinterable 
material used and lower than the melting point of the 
metal forming the metal strip. The heating process may 
be effected under pressure. 

In the heating process, heat may be provided by HIP, 
electric furnace, burner, lamp, laser, or self-reaction. 
The heat treatment time may be set in accordance 

with the type and quantity of the sinterable material and 
the temperature used. 
The metal-contained composite material produced by 

this method of the invention has at least a portion of the 
outer surface thereof made of a metal layer, and has the 
interior thereof composed of the metal layer and a sin 
terable material layer longitudinally extending and sep 
arated from each other. 

Since the metal-contained composite material is ob 
tained through a heating process effected within the 
predetermined temperature range, the sinterable mate 
rial layer of the composite material can be made dense 
and homogeneous, and thus the mechanical and electri 
cal properties are further enhanced, compared with 
those which are not subjected to heating process. Par 
ticularly, when a substance having high crystalline an 
isotropy is used as the sinterable material, the crystals 
can be oriented in optimum directions, which is practi 
cally advantageous. ' 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram illustrating a method of manufac 
turing a metal-contained composite material according 
to this invention; 
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FIG. 2 is a diagram also illustrating the method of 45 
manufacturing a metal-contained composite material 
according to this invention; 
FIG. 3 is a sectional view of a metal-contained com 

posite material obtained by the method of the invention 
without a core when producing a roll; 
FIG. 4 is a sectional view of a metal-contained com 

posite material obtained by the method of the invention 
without a core when producing a roll; 
FIG. 5 is a sectional view of a metal-contained com 

posite material obtained by the method of the invention 
using a core when producing a roll; 
FIG. 6 is a sectional view of a metal-contained com 

posite material obtained by the method of the invention 
using a core when producing a roll; 
FIG. 7 is a partially sectional view of the metal-con 

tained composite material of FIG. 3 which has been 
worked into a plate; 
FIG. 8 is a partially sectional view of the metal-con 

tained composite material of FIG. 3 which has been 
worked into a plate; 
FIG. 9 is a sectional view of a metal-contained com 

posite material obtained according to the method of this 
invention; and 
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6 
FIG. 10 is a partially sectional view of the metal-con 

tained composite material of FIG. 9 which has been 
worked into a plate. 

BEST MODE OF CARRYING OUT THE 
INVENTION 

This invention will be described hereinafter in more 
detail with several examples. It is noted that this inven 
tion should not be limited to the following examples. 

EXAMPLE I 

A Cu-TiN based composite material was produced 
by using the apparatus shown in FIG. 1. 

First, a Cu tape of 0.05 mm thick was fed in one 
direction, and was tightly wound around a Cu rod hav 
ing a diameter of 3 mm while a TiN layer of 15 pm thick 
was formed on a surface of the Cu tape by a plasma 
CVD method, to obtain a spirally wound roll of the 
laminate (with 200 turns in total). The conditions for the 
formation of the TiN layer by the plasma CVD method 
were as follows: The processing system was sealed, and 
in this system, a hydrogen gas as a carrier gas was made 
to flow at 30 ml/sec and a nitrogen gas and a titanium 
tetrachloride gas, as material gases, were made to flow 
at 1.5 ml/sec and 0.4 rnl/sec, respectively. The internal 
pressure of the system was maintained at 0.4 Torr, and 
the Cu tape was heated to 500° C. Further, high-fre 
quency waves of 13.56 MHz were adopted to secure an 
output of 1.5 kW in producing a plasma. 

Subsequently, the obtained roll was ?tted into a Cu 
pipe having an inner diameter of 32 mm and a thickness 
of 1 mm, and then subjected to a HIP process for 4 
hours under the conditions of 700° C. and 2,000 atm. 
Then, a drawing process was effected by a hot extrusion 
at 700° C. and using a draw bench, to thereby obtain a 
rodlike Cu-TiN based composite material having a di 
ameter of 7.5 mm. 

This composite material was sliced, the cut surface 
was subjected to an abrasion test with a load of 10 g and 
a sliding speed of 10 cm/sec, and also a contact voltage 
drop was measured in the electri?ed state at 0.1 A. The 
results are shown in TABLE 1. 

EXAMPLE 2 

An Ag-ZrN based composite material was produced 
by using the apparatus shown in FIG. 1. 

First, an Ag tape of 0.05 mm thick was fed in one 
direction, and was tightly wound around an Ag rod 
having a diameter of 3 mm while a ZrN layer of 15 pm 
thick was formed on a surface of the Ag tape by a laser 
beam sputtering method, to obtain a spirally wound roll 
of the laminate (with 200 turns in total). The conditions 
for the formation of the ZrN layer by the laser beam 
sputtering method were as follows: The processing 
system was sealed and a nitrogen atmosphere (gas pres 
sure: 10"‘ Torr) was produced therein. ZrN was used 
as a target, and a 500 W-output C0; laser (wavelength: 
10.6 nm) and a 30 W KrF excimer laser (wavelength: 
248 nm) were used as beam sources. The Ag tape was 
preheated to 550° C., the target was sputtered with the 
longer-wavelength laser beam, and then the particles 
were irradiated with the shorter-wavelength laser 
beam, to thereby form a ZrN layer. 

Subsequently, the obtained roll was ?tted into an Ag 
pipe having an inner diameter of 32 mm and a thickness 
of 1 mm, and then subjected to a HIP process for 4 
hours under the conditions of 700° C. and 2,000 atm. 
Then, a drawing process was effected by a hot extrusion 
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at 700° C. and using a draw bench, to thereby obtain a 
rodlike Ag~ZrN based composite material having a 
diameter of 7.5 mm. The obtained composite material 
was subjected to tests similar to those conducted with 
respect to EXAMPLE 1, the results being shown in 
TABLE 1. 

EXAMPLE 3 

A Ni-TiBg based composite material was produced 
by using the apparatus shown in FIG. 1. 

First, a Ni tape of 0.1 mm thick was fed in one direc 
tion, and was closely wound around a Ni rod having a 
diameter of 5 mm while a TiB; layer of 0.05 mm thick 
was formed on a surface of the Ni tape by a plasma 
spraying method, to obtain a spirally wound roll of the 
laminate (with 200 turns in total). 

Subsequently, the obtained roll was ?tted into a Ni 
pipe having an inner diameter of 72 mm and a thickness 
of 2 mm, and then subjected to a HIP process for 4 
hours under conditions of 800° C. and 2,000 atm. Then, 
a drawing process was effected by a hot extrusion at 
800° C. and using a draw bench, to thereby obtain a 
rodlike composite material having a diameter of 7.5 
mm. 

10 

20 

8 

EXAMPLE 6 

A Ni-TiBz based composite material was obtained, 
following the same procedures as those employed in 
EXAMPLE 3 except that the ?nal HIP process was 
omitted. The obtained composite material was sub 
jected to the same tests as those conducted on EXAM 
PLE l, the results being shown in TABLE 1. 

EXAMPLE 7 

A Ni-NiBz-PdB based composite material was ob 
tained, following the same procedures as those em 
ployed in EXAMPLE 4 except that the ?nal HIP pro 
cess was omitted. The obtained composite material was 
subjected to the same tests as those conducted with 
respect to EXAMPLE 1. The results are shown in 
TABLE 1. 

CONTROL 1 

A Ni-3 vol % Th0; based dispersion alloy was ob 
tained by an ordinary powder metallurgy technique. 
The obtained composite material was subjected to the 
same tests as those conducted with respect to EXAM 
PLE 1. The results are shown in TABLE 1. 

TABLE 1 
HEATING AMOUNT OF 

COMPOSITE STRUCTURE PROCESS ABRASION VOLTAGE DROP 

COMPOSITION STRUCTURE (YES, NO) (mm/100 1-1) (m\/) 

EXAMPLE l Cu—TiN FIG. 5 TYPE NO 1.2 19 
EXAMPLE 2 Ag-ZrN FIG. 5 TYPE NO ' 1.2 19 
EXAMPLE 3 Ni—TiB2 FIG. 5 TYPE YES 0.9 22 
EXAMPLE 4 Ni-NiBz-PdB FIG. 5 TYPE YES 0.9 15 
EXAMPLE 5 Ni-—TiB2 FIG. 6 TYPE YES 0.9 21 
EXAMPLE 6 Ni—-TiB1 FIG. 5 TYPE NO 2.0 25 
EXAMPLE 7 Ni-NiBz-PdB FIG. 5 TYPE NO 1.6 19 
CONTROL 1 Ni—ThO1 DISPERSION TYPE NO 2.4 58 

EXAMPLE 8 

Thereafter, this composite material was further sub- 40 An Ag-(Bi4Ti3O12+Nb) based composite material 
jected to a HIP process for 18 hours under conditions of 
1,300° C. and 2,000 atm, and a Ni-TIB2 based composite 
material was obtained. The obtained composite material 
was subjected to the same tests as those conducted with 
respect to EXAMPLE 1. The results are shown in 
TABLE 1. 

EXAMPLE 4 

A Ni-NiBg-PdB based composite material was ob 
tained, following the same procedures as those em 
ployed in EXAMPLE 3 except that a mixture of NiB2 
and PdB, mixed in the ratio 1:1 (by weight), was used 
instead of TiB2. The obtained composite material was 
subjected to tests similar to those conducted on EXAM 
PLE l, the results being shown in TABLE 1. 

EXAMPLE 5 

A 6.6><6.6 mm-square composite material was ob 
tained, following the same procedures as those em 
ployed in EXAMPLE 3 except that a rolling process 
was effected by a caliber rolling mill instead of the 
drawing process using a draw bench. The composite 
material was subjected to a HIP process for 18 hours 
under conditions of 1,300’ C. and 2,000 atm, thereby 
obtaining a Ni-TiBg based composite material. The ob 
tained composite material was subjected to the same 
tests as those conducted with respect to EXAMPLE 1, 
the results being shown in TABLE 1. 

45 
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was produced, following the same procedures as those 
employed in EXAMPLE 1. 

First, an Ag tape of 0.2 mm thick was fed in one 
direction, and was closely wound up while a Bi4. 
Ti3O12+Nb layer of 0.07 mm thick was formed on a 
surface of the Ag tape by a plasma spraying method, to 
obtain a' spirally wound roll of the laminate (with 20 
turns in total). ' 

Subsequently, the obtained roll was ?tted into an Ag 
pipe having an inner diameter of 12 mm and a thickness 
of 1 mm, and then subjected to a HIP process for 4 
hours under conditions of 800° C. and 2,000 atm. Then, 
a drawing process was effected by a hot extrusion at 
800° C. and using a draw bench, to thereby obtain a 
rodlike Ag-(Bi4Ti3O12+Nb) based composite material 
having a diameter of 7 mm. 
Then, a chip of 1 mm thick was cut off from the 

composite material, and was measured as to the dielec 
tric constant, dissipation factor, breakdown voltage, 
and density. The measurement results are shown in 
TABLE 2. 

EXAMPLE 9 

The composite material obtained according to EX 
AMPLE 8 was further subjected to a HIP process for 
20 hours under conditions of 950° C. and 2,000 atm, to 
obtain an Ag-(Bi4Ti3O1z+Nb) based composite mate 
rial. This composite material was measured as to the 
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same items as those for EXAMPLE 8, the results being 
shown in TABLE 2. 

' EXAMPLE 10 

An Ag-BaTiO3 based composite material was pro 
duced by using the apparatus shown in FIG. 1. 

First, an Ag tape of 0.1 mm thick was fed in one 
direction, and was closely wound up while a BaTiOg 
layer of 10 pm thick was formed on a surface of the Ag 
tape by an a.c. magnetron sputtering method, to obtain 
a spirally wound roll of the laminate (with 40 turns in 
total). The conditions for the formation of the BaTiO3 
layer by the ac. magnetron sputtering method were as 
follows: The processing system was sealed and an atmo 
sphere (internal pressure: 10 mTorr) was produced 
therein such that O; and Ar were made to ?ow in the 
ratio 0.5 (=O2/(Ar+O2)). BaTiOg was used as a target, 
the Ag tape was heated to 600° C., and an output of 1 
kW was used. 

5 
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CONTROL 2 

A slurry was prepared by adding a binder to a mate 
rial powder of Bi4Ti3O12+Nb, and using this slurry, a 
green sheet of 40 pm thick was prepared by a doctor 
blade method, and 10 mm-square pieces were punched 
out. Ag paste, which is to serve as an internal electrode, 
was printed on a surface of each piece punched out 
from the green sheet, and 20 pieces with the electrode 
thereon were stacked up and press-bonded together. 
The stacked body was out, and baked at 950° C. Then, 
an Ag electrode was baked over the entire exposed 
portions of the internal electrodes at both ends of the 
stacked structure, to form external electrodes, whereby 
a stacked-chip type capacitor having a conventional 
structure is obtained (Bi4Ti3O1z+Nb is a dielectric). 
This capacitor was subjected to the same tests as those 
conducted with respect to EXAMPLE 8, the results 
being shown in TABLE 2. 

TABLE 2 

HEATING DIELECTRIC 
COMPOSITE MATERIAL PROCESS CONSTANT 

COMPOSITION STRUCTURE (YES, NO) (6;) 

EXAMPLE 8 Ag-—(Bi4Ti3O11 + Nb) FIG. 3 TYPE NO 1200 
EXAMPLE 9 Ag-(Bi4Ti3O12 + Nb) FIG. 3 TYPE YES 1500 
EXAMPLE 10 Ag-BaTiO; FIG. 3 TYPE NO 2500 
EXAMPLE 11 Ag-(Bi4Ti3O12 + Nb) FIG. 4 TYPE NO 1200 
EXAMPLE 12 Ag-(Bi4Ti3O12 + Nb) F1G.4 TYPE YEs 1500 
CONTROL 2 Ag-(Bi4Ti3O12 + Nb) STACKED TYPE - 1000 

DIssIPATION BREAKDOWN MANUFACTU 
FACTOR VOLTAGE DENSITY RING COST 
tan 5 (17¢) (kV) (g/cm3) (LOW, HIGH) 

EXAMPLE 8 1.0 50 8.0 Low 
EXAMPLE 9 1.5 60 8.5 LOw 
EXAMPLE 10 1.2 - 5.6 LOW 

EXAMPLE ll 1.0 50 8.0 LOW 
EXAMPLE 12 1.5 60 3.5 LOw 
CONTROL 2 0.6 45 74 HIGH 

Subsequently, the obtained roll was ?tted into an Ag '40 
pipe having an inner diameter of 10 mm and a thickness 
of 0.8 mm, and then subjected to a HIP process for 4 
hours under conditions of 800° C. and 2,000 atm. Then, EXAMPLE 13 
a drawing process was effected by a hot extrusion at A Ti-Al2O3 based composite material having a 
800° C. and using a draw bench, to thereby obtain a 45 Mn-Zn based ferrite core rod was produced by using 
rodlike Ag-BaTiOg composite material having a diame 
ter of 7 mm. The obtained composite material was sub 
jected to the same tests as those conducted with respect 
to EXAMPLE 8. The results are shown in TABLE 2. 

EXAMPLE 11 

A 6.6X6.6 mm-square Ag-(Bi4Ti3O12+Nb) based 
composite material was obtained, following the same 
procedures as those employed in EXAMPLE 8 except 
that a rolling process was effected by a caliber rolling 
mill instead of the drawing process using a draw bench. 
The obtained composite material was subjected to the 
same tests as those conducted on EXAMPLE 8, the 
results being shown in TABLE 2. 

EXAMPLE 12 

The composite material obtained according to EX 
AMPLE 11 was further subjected to a HIP process for 
20 hours under conditions of 950° C. and 2,000 atm, to 
obtain a square Ag-(Bi4Ti3O12+Nb) based composite 
material. This composite material was measured as to 
the same items as those for EXAMPLE 8, the measure 
ment results being shown in TABLE 2. 
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the apparatus shown in FIG. 1. 
First, a Ti tape of 0.1 mm thick was fed in one direc 

tion, and was closely wound around a Mn-Zn based 
ferrite rod having a diameter of 5 mm while an A1203 
layer of 0.04 mm thick was formed on a surface of the Ti 
tape by a plasma spraying method, to obtain a spirally 
wound roll of the laminate (with 50 turns in total). 

Subsequently, the obtained roll was ?tted into a Ni 
pipe having an inner diameter of 23 mm and a thickness 
of 1 mm, and then subjected to a HIP process for 4 
hours under conditions of 750“ C. and 2,000 atm. Then, 
a drawing process was effected by a hot extrusion at 
750° C. and using a draw bench, to thereby obtain a 
rodlike Ti-Al2O3 based composite material having a 
diameter of 7 mm. 
The obtained composite material was evaluated as to 

the Q (quality) factor at 10 kHz in room temperature, 
the breakdown voltage, and the allowable maximum 
temperature (the maximum temperature at which nei 
ther the Q factor nor the breakdown voltage are low 
ered even if the material is maintained at that tempera 
ture for 2 hours). The measurement results are shown in 
TABLE 3. 
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EXAMPLE 14 

The composite material obtained according to EX 
AMPLE 13 was further subjected to a HIP process for 
20 hours under conditions of 1,400" C. and 2,000 atm, to 
obtain a Ti-A1203 based composite material. The ob 
tained composite material was subjected to the same 
tests as those conducted on EXAMPLE 13, the results 
being shown in TABLE 3. 

12 

CONTROL 3 

A mica tape and a Cu tape, each having a thickness of 
10 mm, were alternately closely wound around a 
Mn-Zn based ferrite rod having a diameter of 5 mm, to 
obtain 50 turns for each of the two tapes, and the outer 
end of the tape was fixed, thereby obtaining a coil. This 
coil was subjected to the same tests as those conducted 
with respect to EXAMPLE 13. The results are shown 

10 in TABLE 3. 

TABLE 3 
HEATING Q FACTOR BREAKDOWN ALLOWABLE 

COMPOSITE MATERIAL PROCESS at 10 kHe in VOLTAGE MAXIMUM 

COMPOSITION STRUCTURE (YES, NO) room temp ('kV) TEMPERATURE °C. 

EXAMPLE l3 Ti-AlzO; FIG. 5 TYPE NO 800 8 600 
EXAMPLE l4 Ti-AlgO3 FIG. 5 TYPE YES I600 10 600 
EXAMPLE l5 Ag-BaTiOZ FIG. 5 TYPE NO 1200 9 600 
EXAMPLE l6 Ti-Alz03 FIG. 6 TYPE NO 800 8 600 
EXAMPLE l7 Ti—Al2O3 FIG. 6 TYPE YES 1600 10 600 
CONTROL 3 MICA + Cu — -— 200 1.5 450 

EXAMPLE 15 

A Cu-MgO based composite material was produced 
by using the apparatus shown in FIG. 1. 

First, a Cu tape of 0.1 mm thick was fed in one direc 
tion, and was closely wound around a Mn-Zn based 
ferrite rod having a diameter of 5 mm while a MgO 
layer of 10 pm thick was formed on a surface of the Cu 
tape by an ion plating method, to obtain a spirally 
wound roll of the laminate (with 50 turns in total). The 
conditions for the formation of the MgO layer by the 
ion plating method were as follows: The processing 
system was sealed, Mg was evaporated at a volumetric 
rate of 500 A/sec, and 02 was ionized by an ionization 
mechanism comprising a RF coil and applied onto the 
Cu tape. The Cu tape was heated to 500° C. 

Subsequently, the obtained roll was ?tted into a Cu 
pipe having an inner diameter of 23 mm and a thickness 
of 1 mm, and then subjected to a HIP process for 4 
hours under conditions of 750° C. and 2,000 atm. Then, 
a drawing process was effected by a hot extrusion at 
750° C. and using a draw bench, to thereby obtain a 
rodlike Cu-MgO based composite material having a 
diameter of 7 mm. The obtained composite material was 
subjected to the same tests as those conducted with 
respect to EXAMPLE 13, the results being shown in 
TABLE 3. 

EXAMPLE 16 

A 6.6><6.6 mm-square Ti-AlgOg, based composite 
material (with a Mn-Zn based ferrite core rod) was 
obtained, following the same procedures as those em 
ployed in EXAMPLE 13 except that a rolling process 
was effected by a caliber rolling mill instead of the 
drawing process using a draw bench. The obtained 
composite material was subjected to the same tests as 
those conducted on EXAMPLE 13. The results are 
shown in TABLE 3. 

EXAMPLE 17 

The composite material obtained according to EX 
AMPLE 16 was further subjected to a HIP process for 
20 hours under conditions of 1,400" C. and 2,000 atm, to 
obtain a Ti-Al203 based composite material having a 
Mn-Zn based ferrite core rod. The obtained composite 
material was subjected to the same tests as those con 
ducted on EXAMPLE 13, the results being shown in 
TABLE 3. 
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INDUSTRIAL APPLICABILITY 

The metal-contained composite material produced 
according to the method of this invention can be used 
for machine parts, electrical sliding contact materials, 
electrical and thermal conductors, and materials for 
electromagnetic shielding members. 
We claim: 
1. A method of manufacturing a metal-contained 

composite material, ,comprising the steps of; 
fabricating a roll of a laminate by laminating at least 

one sinterable material on one surface of a metal 
strip to form a laminate, and thereafter winding up 
the laminate with or without a core to form the roll 
of the laminate; and thereafter 

subjecting the roll to plastic working. 
2. The method according to claim 1, wherein a core 

is used and said core is made of a metal identical to or 
different from the metal of the metal strip. 

3. The method according to claim 1, wherein said 
step of fabricating a roll comprises the operation of 
winding the metal strip simultaneously with the step of 
laminating at least one sinterable material on one sur 
face of the metal strip. 

4. A method according to claim 1, wherein the step of 
laminating the sinterable material comprises applying 
the sinterable material to the metal strip by plasma 
spraying, PVD, CVD spray pyrolysis, printing, dip 
coating, slurry application, and electrophoretic deposi 
tion. 

5. The method according to claim 1, wherein said 
plastic working is rolling or drawing. 

6. The method according to claim 1, which further 
comprises a compression step to be carried out after said 
plastic working step. 

7. The method according to claim 2, wherein the core 
is made of said identical metal to the metal strip. 

8. The method according to claim 1, wherein said 
plastic working is hot pressing or cold pressing. 

9. The method according to claim 8, wherein said 
plastic working is hot isotactic pressing or cold isotactic 
pressing. 

10. The method according to claim 1, wherein 
the metal strip is an alloy of Ag-Pd, Cu-Zn, Cu-Sn, 

Cu-Ni, Fe-Ni, Fe-Ni-Co, or Mo-Cr-Fe, and 
the ceramic is A1203. SiC, ZrOZ, MgO, BaTiO3, 

Fe2O3, M052, WC, TiC, TiBg, TiN, AlN, soda 
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lime glass, lead glass, MoSi, ZnN, ZrC, ZrBg, 
PbTiO3, NaTaO3, KNSO3, NaNbO3, K2O.6TiO2, 
9Al2O3.B2O3 and KTaOg. 

11. The method according to claim 1, wherein 
the metal strip is an alloy of stainless steel and 
the ceramic is A1203. SiC, ZrOg, MgO, BaTiOg, 

Fe2O3, M052, WC, TiC, TiB2, TiN, AlN, soda 
lime glass, lead glass, MoSi, ZnN, ZrC, ZrBZ, 
PbTiO3, NaTaOg, KNSO3, NaNbOg, K2O.6TiO2, 
9Al2O3.B2O3 and KTaO3. 

12. A method of manufacturing a metal-contained 
composite material, comprising the steps of: 

fabricating a roll of a laminate prepared by laminating 
at least one sinterable material on one surface of a 
metal strip, and thereafter winding up the laminate 
with or without a core to form the roll; 

drawing the roll; and thereafter 
heat treating the drawn roll at a temperature higher 

than a sintering temperature of the sinterable mate 
rial and lower than a melting point of the metal 
constituting the metal strip. 

13. The method according to claim 12, wherein said 
core is made of a metal identical to or different from the 
metal of the metal strip. 

14. The method according to claim 12, wherein said 
process of fabricating a roll, comprises the operation of 
winding the metal strip with or without the core while 
simultaneously laminating at least one sinterable mate 
rial on one surface of the metal strip. 

15. The method according to claim 12, wherein the 
laminating of the sinterable material comprises applying 
the sinterable material to the metal strip by plasma 
spraying, PVD, CVD, spray pyrolysis, printing, dip 
coating, slurry application, and electrophoretic deposi 
tion. 

16. The method according to claim 12, wherein said 
sinterable material is one or more substances selected 
from the group consisting of ceramic materials, metals, 
and a mixture of ceramic materials and metals. 

17. The method according to claim 12, wherein said 
plastic working is rolling, drawing, hot pressing or cold 
pressing. 

18. The method according to claim 12, which further 
comprises a compression step to be carried out after said 
plastic working step. 

19. The method according to claim 12, wherein said 
heating process is effected by using an HIP, an electric 
furnace, a burner, a lamp, a laser, or self-reaction. 

20. The method according to claim 12, wherein said 
plastic working is cold isotactic pressing or hot isotactic 
pressing.‘ ' 
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21. The method according to claim 12, wherein 
the metal strip is Cu, Al, Ag, Au, Fe, Ni, Co, W, Mo, 

Nb, Ta, Ti, Zr, or an alloy of two or more thereof, 
and 

the ceramic is A1203. SiC, ZrOz, MgO, BaTiO3, 
Fe2O3, M082, WC, TiC, TiBz, TiN, AlN, soda 
lime glass, lead glass, MoSi, ZnN, ZrC, ZrBg, 
PbTiO3, NaTaOg, KNSO3, NaNbOg, K2O.6TiOz, 
9Al203.B203 and KT303. 

22. The method according to claim 21, wherein the 
metal strip is Cu and the ceramic is TiN. 

23. A method of manufacturing a metal-contained 
composite material, comprising the steps of; 

fabricating a roll of a laminate by laminating at least 
one sinterable material on one surface of a metal 
strip to form a laminate, and thereafter winding up 
the laminate with or without a core to form the roll 
of the laminate; and thereafter 

subjecting the roll to plastic working, and wherein 
said sinterable material contains a mixture of ce 
ramic materials and metals. 

24. A method of manufacturing a metal-contained 
composite material, comprising the steps of; 

fabricating a roll of a laminate by laminating at least 
one sinterable material on one surface of a metal 
strip to form a laminate, and thereafter winding up 
the laminate with or without a core to form the roll 
of the laminate; and thereafter 

subjecting the roll to plastic working, and wherein 
said sinterable material contains ceramic materials, 
electrochemical polymers, or metals. 

25. The method according to claim 24, wherein said 
sinterable material contains electroconductive poly 
mers. 

26. The method according to claim 25, wherein said 
sinterable material contains metals. 

27. A metal-contained composite material, compris 
ing an innards thereof made of a lamination of a metal 
layer and a layer of sinterable material, which is spirally 
wound to form a roll, and a metallic pipe surrounding 
said spirally wound roll of the lamination. 

28. A metal-contained composite material, compris 
ing a lamination of a metal layer and a layer of sinterable 
material, which is spirally wound to form a roll, said 
spirally wound roll having an end portion of the lamina 
tion on the outermost thereof, at which said sinterable 
material layer is not formed on an inner surface of said 
metal layer, and said inner surface of said metal layer 
abuts on an outer surface thereof. 

29. The method according to claim 24, wherein said 
sinterable material contains ceramic materials. 
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